Previous experiments demonstrate a normal decline in unconditioned responding in rats with perirhinal cortex lesions but attenuated performance on spontaneous object recognition (SOR), a finding supporting the assertion that distinct systems support these phenomena. This finding informs on the nature of these two fundamental forms of learning and may be taken as support for certain contemporary theories of memory. However, we cannot quantify the relative contributions of genuine habituation and alternative, trivial sources in response decline from effector fatigue and sensory adaptation in these demonstrations. An important implication of this problem is that previous reports may have missed perirhinal-dependent habituation. We report perirhinal cortex lesions to be without effect in rats' habituation of suppression to lights when any influence of effector fatigue and sensory adaptation is eliminated. Theoretical implications of this finding are discussed.
Introduction
When an animal encounters a stimulus for the first time, it may elicit an unconditioned response. With repeated or prolonged exposure, the strength of this response tends to habituate [20] , and such habituation has been demonstrated in a wide variety of species and response systems [12, 17, 26, 27, 40, 48, 56] . According to comparator theories of habituation [29, 45, 50] , response decline is the consequence of the stimulus coming to be represented by the animal: Incoming sensory stimulation is compared to the contents of memory, with a response to the stimulus occurring when no pattern is found that matches the unconditioned stimulus. When a stimulus is presented for the first time, incoming stimulation will not match any representation in memory and a response will be elicited. After several presentations, however, a representation will be available that matches the stimulus, and no response will occur upon its presentation.
The perirhinal cortex is in receipt of information from multiple sensory systems [9] , making it a candidate region for the creation or reception of the stimulus model required by comparator theories of habituation. It comprises areas 35 and 36, and in the rat is located in the rostal and middle portions of the rhinal sulcus [8] . Lesions of the perirhinal cortex are widely reported to attenuate discrimination in recognition memory procedures, including spontaneous object recognition (SOR) [2, 31, 37, 38, 51, 54] .
Comparator theories' characterisation of habituation is similar to the basic description of recognition-the comparison of an external stimulus with an internal representation in order to judge whether or not the stimulus has been encountered before [34] . Thus, habituation and recognition may rely upon a common process [13, 44] (see also Ref. [14, 16] ). However, Robinson et al. [41] found perirhinal cortex lesions to be without effect on the recovery of suppression of unconditioned responding to visual stimuli, auditory stimuli and gustatory stimuli. Suppression of free-operant responding for food pellets was used to assess habituation to auditory and visual stimuli; suppression of consumption of flavoured water was used to assess gustatory habituation. The immediate interpretation of these results is that habituation and recognition are separable processes reliant on distinct brain systems. If confirmed, this finding would have general significance for the understanding of the two, fundamental learning processes and would be of theoretical significance (for discussion see Ref. [1, 11] ).
However, the perirhinal-dependent SOR procedure [2, 31, 37, 38, 51, 54] and perirhinal-independent habituation procedures [2, 41] (see also Ref. [5] ) differ in their means of assessing learning and so this conclusion is questionable. In a typical SOR procedure, animals are able to explore an object (X) that later appears in a test. In this respect it similar to the habituation procedure in that it assesses performance to a repeated or familiar stimulus. However, the SOR assessment of learning is made by reference to exploration of a novel object (Y), which is present with X during test, whereas the habituation procedures referred to above assessed learning by reference to changes in behavior to a single stimulus at different time points. The assertion that effector fatigue may contribute to a decline in responding to an iterated stimulus has long been acknowledged [17, 20, 33, 49, 52] . Here, the decline is not the result of a central habituation process (i.e., a genuine form of learning) but a peripheral reduction in, for example, the ease with which a particular muscle group acts to generate the measured response. Of course, this type of argument is not restricted to effector fatigue. For example, in Robinson et al.'s procedure, changes in rats' inclination to earn food pellets or consume flavoured fluids may have caused changes in responding, with an unknown contribution from a central habituation process; and the reduction in rats' exploration of a repeatedly presented object in Albasser et al.'s report may have reflected a reduction in arousal generated by the apparatus [19, 32] . Thus, because we cannot safely assume that the incidence or magnitude of any such peripheral effects will be identical in lesioned and control rats, we cannot know that apparently equivalent rates of response decline reflect equivalent rates of centrally mediated habituation. Notice that potential peripheral contributors to response decline are general (i.e., their effects need not be specific to the habituation target unconditioned stimulus) and that they require measurement from different time points. But this complaint does not apply to SOR procedures in which learning is assessed to a specific object (e.g., exploration of object X is reduced relative to that of object Y) and measurement is not taken from different time points (objects X and Y are presented simultaneously).
In Experiments 1 and 2 of this report we measured changes in the suppression of instrumental performance by rats during presentation of visual stimuli [19, 27, 41] with either excitotoxic lesions of the perirhinal cortex or sham surgery. Unlike earlier attempts to investigate a role for the perirhinal cortex in habituation [2, 41] (see also Ref. [5] ), we included tests of habituation that cannot be contaminated by peripheral sources [17, 49, 52] , which have analogous designs to standard spontaneous object recognition procedures [13, 24, 28] . In addition, in Experiment 2 we interpolated a 24-h delay between the end of training and testing. We reasoned that any decline in responding based upon sensoryadaptation [16, 20, 33, 49, 52] , and mimicking habituation, would be unlikely to survive this duration.
Experimental
We sought to examine the effects of excitotoxic lesions of the perirhinal cortex on habituation of instrumental suppression to a visual stimulus, A [27, 41] . Two surgical groups received either a sham treatment or a treatment intended to create lesions of the perirhinal cortex. After this, rats were trained on a free-operant response in Skinner boxes in which visual stimuli could be presented. One visual stimulus, A, was presented repeatedly and we expected to see suppression of instrumental responding that declined over trials. After this, suppression to stimulus A was compared to suppression to a novel stimulus, B. Because any decline in suppression to A resulting from non-habituatory sources (such as effector fatigue) would affect stimulus B too, the difference in suppression to A and B provides a measure of suppression immune from potential influence of those sources. We were particularly interested in the possibility that lesioned rats' discrimination could be diminished under such conditions.
Materials and methods

Subjects
Twenty-four male, Lister hooded rats (Rattus norvegicus) served as subjects. Rats had been used in earlier experimentation but were naïve with respect to the currently used stimuli. Before beginning the experiment rats were randomly assigned to one of two groups, to receive either lesions of the perirhinal cortex (group PeRh, n = 16) or a sham control surgery (group Sham, n = 8). Details of these surgeries are given below (see Section 2.1.2). When experimental procedures were not occurring, rats were held in an air-conditioned vivarium illuminated by fluorescent strip lights between 07:00 and 19:00. Experimentation occurred during the light cycle with each rat being run at the same time each day. Vivarium temperatures were maintained between 20 and 23
• C. When in the vivarium, rats were housed in acrylic cages with woodchip bedding where food and tap water was available. To provide rats with environmental enrichment, rats were pair housed and each cage contained a cardboard cylinder. Before experiments began, access to food was unrestricted but one week before the experiment began, weights were recorded and food access thenceforth restricted. Rats whose data were not excluded (see Section 2.1.5) did not differ between surgical groups, t(14) = 1.16, p > .264, (Mean: 318 g; range: 280-350 g). Measured amounts of food were given once daily to reduce gradually rats' weights to between 80% and 90% of their baseline weight. To promote healthy growth increase during the experiment, each rat's target weight was increased each week. The rate of that increase was based on the mean weekly weight change of a separate group of rats that had been allowed unrestricted access to food and water in our vivarium.
Surgery
Throughout surgery, all rats were anaesthetised using a mixture of isoflurane and oxygen. Once anaesthesia had been established, each rat's scalp was shaved and the rat placed into a stereotaxic frame (Kopf Instruments, Tujunga, CA, USA); ear bars were placed into the rat's ears and secured, and the rat's teeth were placed onto a bite bar that was positioned 3.3 mm below the level of the ear bars. An incision was made along the midline of the scalp, and the scalp and underlying muscle were retracted to expose the skull. A small region of the skull was removed from each side using a dental drill, so that injections of ibotenic acid (Sigma Aldrich, Gillingham, UK) could be made into the brain for rats in group PeRh. The area removed from above the parietal cortex of each hemisphere was approximately 4 mm in length and began 3 mm posterior to bregma. The injection solution was made by dissolving ibotenic acid in phosphate-buffered saline to produce a concentration of 63 mM. This was injected into the brain using a microsyringe (Hamilton, Bonaduz, Switzerland) whose plunger was attached to a microdrive (model KDS 310, KD Scientific, New Hope, PA, USA) in order to control the rate of injection at 0.03 l/min. . Following each injection, the needle was allowed to remain in place for 2 min to encourage infusion of ibotenic acid into the surrounding tissue. Rats in group Sham received an identical treatment except that the needle was not lowered into the brain and no ibotenic acid was administered. Scalp incisions were sutured at the end of this procedure before rats received a 5-mL subcutaneous injection of glucose dissolved in saline. Next, each rat was placed in a warm recovery box in a darkened room. On displaying normal signs of behavior (typically within 24 h of surgery), each rat was returned to its home cage. All rats were allowed a minimum of fourteen days postoperative recovery before behavioral testing.
Apparatus
Eight identical Skinner boxes were used. Boxes measured 30.0 cm × 24.0 cm × 20.5 cm high, and were illuminated only during presentation of experimental stimuli. Each was individually housed in a sound-and light-attenuating shell. The ceiling and 30.0-cm Skinner box walls (one of which served as a door) were constructed from clear polycarbonate; the 24.0-cm walls were constructed from metal plates. One of the walls was equipped with a recessed tray to which 45-mg food pellets (Noyes, Lancaster, NH, USA) could be delivered. The magazine was square-shaped, 5 cm wide, and located 1.8 cm above the grid floor and equidistant from the two adjacent walls. An infrared beam was sent from one side of the magazine and received on another. Interruption of this beam by magazine entry could be recorded as a discrete response. The floor was constructed from 19 stainless steel rods, 4.8 mm in diameter running parallel to the metal walls. Rods were spaced 1.6 cm apart, centre-to-centre. A retractable lever was located to the left of the magazine, 6.0 cm above the floor and equidistant from the food magazine and the adjacent wall. This lever, which measured 1.9 cm long × 4.8 cm wide when extended, was attached to a switch that could be used to record responding. During Experiment 1 the lever was not in use and remained retracted.
A pair of 2.8-W incandescent lamps whose 2.5-cm diameter, circular covers were composed of opaque plastic, were located symmetrically adjacent to the magazine (10.5 cm from the floor and 16.0 cm apart, centre to centre). The right-hand side lamp was not illuminated at any stage of Experiment 1, but operation of the lefthand side lamp for 30 s served as one of the two experimental stimuli. A third 2.8-W incandescent lamp was located on the opposite metal wall, equidistant from the two adjacent walls and 17.5 cm above the floor. The lamp was shrouded in a metal hood that directed light towards the ceiling where it was diffusely reflected throughout the box. Pulsed operation of this lamp (alternating 0.2-s periods of illumination and darkness) for 30 s served as the second experimental stimulus. For some animals, the constantly illuminated light near the magazine served as stimulus A and the pulsed light served as stimulus B; for the remainder, these assignments were reversed. Experimental events were controlled and recorded with a Microsoft Windowsbased computer that used the MED-PC programming language (MED Associates, St Albans, VT, USA). 
Habituation procedure
Five sessions of training were given over successive days to establish magazine entry as a free-operant response. In the first 30-min session, response-independent pellets were delivered according to a 60-s fixed-interval (FI) schedule (FI60). In the subsequent four sessions, magazine entries were reinforced according to variable interval (VI) schedules. The initial schedule was VI15 and schedules became leaner until VI60 was reached.
On the day following the final session of baseline training, a single, 54-min session was conducted. Baseline responding continued to be reinforced according to the VI60 schedule. Thirty minutes into the session, stimulus A was presented ten times separated by an intertrial interval (ITI) of 1 min. After these stimulus presentations, a 10-min period occurred in which, except for food delivery, no programmed stimuli were presented. A test followed in which suppression to A and B was assessed. By use of symmetrical, double alternating sequences, measurements for A and B were not taken at different overall time points. For some of the rats in each group, the presentation sequence was: A, B, B, A; for the remaining rats, the sequence was: B, A, A, B. The ITI was 5 min during A/B testing.
Histology
Following the end of behavioral testing, rats in group PeRh were anaesthetised by an intraperitoneal injection of sodium pentobarbital (200 mg/kg) to the point of overdose. Each rat was then intracardially perfused with 9% (w/v) saline solution, followed by a solution containing 10% formaldehyde. Brains were then removed and immersed in the formaldehyde solution for at least 48 h, before being transferred into a 20% sucrose solution. Brains remained in this solution for a minimum of 36 h. Forty-micrometer thick coronal sections were then taken using a cryostat and mounted onto gelatine-coated slides. These slides were stained with cresyl violet and examined under a microscope to determine the location and extent of the damage caused by surgery.
Results and discussion
Histology
Tissue damage in eight of the lesioned rats was unacceptable and these rats' data were excluded. Four of the excluded rats had appreciable damage to extra-perirhinal regions and seven of the rats had incomplete perirhinal damage. Of the remainder (n = 8), rats had bilateral perirhinal cortex damage. Lesions were as intended and extended caudally 3-7 mm from bregma. Fig. 1 depicts the extent of tissue loss in the two cases with the largest and the smallest lesions. In all rats, damage occurred through the majority of the rostro-caudal axis of the perirhinal cortex [9] .
The damage began rostrally, adjacent to the agranular insular cortex and ended near the beginning of the postrhinal cortex. For some rats there was sparing of either the deep or superficial laminae but this was unusual and for any individual rat, sparing tended to be restricted to a narrow rostro-caudal location. In the majority of cases, damage was complete over the laminae. One rat had damage to the lateral entorhinal cortex; but this was small, unilateral and restricted to a narrow rostro-caudal region. Tev (ventral temporal association areas) [9] , located immediately dorsally to area 36 was damaged in seven rats. For one rat Tev damage was bilateral; for the remaining six, damage was only unilateral. Damage was restricted to a narrow rostro-caudal region in all seven of these rats. No rats had any damage to the hippocampus or the amygdala.
Habituation procedure
Baseline training was successful in establishing magazine entry and did not differ between groups: During the final session of baseline training mean response rates (responses per minute, RPM) were 28. We assessed the effect of the presentation of A and B on baseline responding using the suppression ratio:
, where L is the rate of responding during a light's presentation and m is the average rate of responding during the 30-s period before the light is presented. If a light has no effect on baseline responding, the ratio will be 0, but when lights suppress responding, ratios will be negative with a maximal value of −1. Elimination of rats with unacceptable lesions (see Section 2.2.1) resulted in an inequality in the number of rats having front and pulsed lights serving as stimulus A. Inspection of the data revealed that they produced similar levels of suppression. Furthermore, analyses of variance (ANOVAs) identical to those described below were performed with light counterbalancing as an additional variable and no significant statistics were obtained, smallest p > .358. For these reasons data are collapsed over this counterbalanced variable in our analyses.
Data from the A-preexposure stage are summarised in the left panel of Fig. 2 . It is apparent that A was effective in suppressing responding (i.e., all mean ratios are negative) and that suppression was greatest on the first block of trials and recovered almost completely by the third block of trials. There is also an indication that the perirhinal lesions had some effect on the rate of habituation: Suppression begins at a similar level in group PeRh as in group Sham but proceeded less quickly. ANOVA with block and groups partly confirmed this description of the data. The main effect These results confirm those of Robinson et al. [41] (see also Ref. [2] ) in showing apparently perirhinal-independent habituation of suppression to light stimuli. We noted above, such a conclusion is ill founded because a component of the decline in suppression could be based on peripheral processes, rather than on true habituation [20, 49] . The test of A and B is summarised in the right panel of Fig. 2 and is immune from this potential complaint because responding is taken at a common time point, having been averaged over symmetrical, double-alternating trial sequences. Looking first at group Sham, it is apparent that stimulus A elicited slight suppression of a similar level to that of the terminal block of preexposure. Group Sham's suppression to B is more marked, a difference reflecting stimulus-specific habituation. This pattern of results is apparently replicated in group PeRh. This description of the results was confirmed using an ANOVA with group and stimulus as variables. This analysis yielded a main effect of stimulus, F(1, 14) = 23.92, p < .001, Á It seems reasonable to expect that the level of suppression to B on test should be similar to the initial level of suppression to A because, at these points, both stimuli are novel. Inspection of Fig. 2 reveals this not to be the case: The suppression to A on the first block of preexposure is more marked than the suppression to B during the test, t(15) = 6.76, p < .001, Á 2 p = .753. We noted that A and B cannot be differentially affected by any decline in suppression obtained by peripheral sources (e.g., effector fatigue, changes in arousal). Of course, we cannot take this to imply that peripheral sources could not have any effect on test performance (i.e., suppression to both A and B during test could be equally reduced by peripheral sources). Here then is a possible explanation of the difference in suppression to A (block 1 of preexposure) and B (test): Although both stimuli are novel during both measurements, it is only during the test of B that peripheral sources' effects have had the opportunity to occur appreciably. An alternative explanation of this difference is that some habituation of responding to A (established during preexposure) generalised to stimulus B during the test [35] . Whichever process caused this difference, it is apparent to a similar extent in both surgical groups and does not obviously affect our conclusion that stimulus-specific habitation is not perirhinal dependent in our procedure. It is notable that this feature of our current results appears to contrast those of a report from McTighe et al. [36] (see also Ref. [3, 7] ). Those authors found unlesioned rats' level of exploration of a pair of identical novel objects (e.g., Y and Y) was similar to their exploration of a different pair of novel objects (e.g., X and X) from a previous trial. That is, McTighe et al.'s unlesioned rats appeared to be able to correctly judge the second set of objects as novel, whereas our rats (both group Sham and group PeRh) incorrectly treated stimulus B on test as less suppressive (i.e., as if it were more familiar) than stimulus A was on the first two-trial block of preexposure. McTighe et al. also examined the effects of perirhinal cortex lesions on the same procedure and found behavior like that of our own rats; that is, rats erroneously treated the second objects (Y and Y) as familiar, exploring them less than the earlier set of objects (X and X). However, we cannot be certain that the effects of peripheral influences (e.g., changes in arousal elicited by the apparatus) were the same during the two periods of measurement in either McTighe et al.'s results or in our own. Furthermore, it seems plausible that stimulus generalisation might play a bigger role in the current experiment than in McTighe et al.'s experiment. For those reasons it would be unwise place theoretical significance on this apparent difference.
Experimental
For the decline in responding to a repeatedly iterated stimulus to be safely interpreted as a genuine form of learning (i.e., habituation), peripheral sources of response reduction must be eliminated [20] . The test used in Experiment 1 was designed to eliminate any role for certain peripheral factors (e.g., effector fatigue) and apparently confirmed the findings of Robinson et al. [41] in demonstrating habituation to be an extra-perirhinal process. However, sensory adaptation [16, 20, 33, 49, 52 ] is a peripheral source of response decline that (like central, genuine habituation) is stimulus specific. In particular, the decline in rats' responding seen in Experiment 1 could reflect a short-term, adaptive reduction in their reception of A, in turn producing progressively weaker unconditioned responses. As would be the case for other peripheral sources (e.g., effector fatigue), sensory adaptation could reduce suppression during A's preexposure; but unlike effector fatigue, sensory adaptation would produce the stimulus-specific differences on test in Experiment 1. This consideration raises concern about our conclusion that habituation is an extraperirhinal process: If we are unsure of the contribution of sensory adaptation to genuine habituation, we cannot say with certainty that the level of habituation in the group surgical groups was indeed the same.
In considering a potential role for sensory adaptation in Experiment 1, it must be acknowledged that sensory adaptation appears to recover in far briefer intervals than the 10-min, preexposure-test interval of Experiment 1. For example, responses directly measured from specific brain regions in primates indicate that certain forms of adaptation to visual stimuli appear to recover fully within a matter of seconds [30, 46, 57] -substantially less than the Experiment 1 interval. However, recovery intervals of several minutes have been reported using psychophysical techniques in humans [15, 25] . Our survey of the literature failed to reveal intervals of more than 1 h to be necessary for recovery. Thus, although we cannot be sure that sensory adaptation contributed to the suppression of responding to A during the test of Experiment 1 (or that it would have differed between our surgical groups), we cannot faithfully exclude it either. Experiment 2 employed a similar procedure to Experiment 1, with the major difference being the interpolation of a 24-h interval between preexposure and testing. We took the results of the test of A and B under such conditions to be immune from potential effects of sensory adaptation or other peripheral sources of response decline and, therefore, to reflect genuine habituation [33] . Again, the question of principle importance was of the potential influence of perirhinal cortex lesions on habituation.
Materials and methods
Subjects, surgery, apparatus, and stimuli
Twenty-four rats were used, which were of the same stock and housed in the same conditions as those of Experiment 1. Rats had been used in earlier experimentation but were naïve with respect to the currently used stimuli. Before behavioral testing (see Section 3.1.2), rats were assigned to one of two surgical groups and received appropriate surgery (group Sham: n = 8; group PeRh: n = 16) as described for Experiment 1. Following full surgical recovery and at the outset of the experiment, rats whose data were not excluded (see Section 3.2.1) did not differ between surgical groups, t(20) < 1, p > .927, (Mean: 494 g; range: 330-735 g). Food access was restricted according to the same schedule as that used in Experiment 1. The apparatus used was that of Experiment 1. The retractable lever to the left of the magazine was extended and used to support free-operant responding. Magazine entries were not reinforced. We continued to use the diffuse pulsed light but used the right panel lamp rather than the left panel lamp used in Experiment 1.
Habituation procedure
Five sessions of training designed to establish lever pressing as a free-operant response were first given. The lever was retracted on the first session when response-independent pellets were delivered according to a FI60-s schedule. After, and for the remainder of training, the lever was extended and pellets were available for lever pressing. With the exception of the change of manipulandum, baseline training was identical to that employed in Experiment 1. The lever remained extended and pellets were available on a VI60-s schedule throughout the remainder of the experiment. A single, 1-h, preexposure session was next given in which rats received twelve presentations of stimulus A. Twenty-four hours later rats received a 20-min test in which stimuli A and B were presented. For half the rats in each counterbalancing subgroup, the presentation sequence during the test session was: A, B, B, A; for the remaining rats, the sequence was: B, A, A, B. In both preexposure and test sessions, the first trial occurred 3 min after the start of the session and the Fig. 3 . Means, and one standard error of each mean, of the data from Experiment 2. Group Sham and group PeRh responded on an instrumental baseline for food reinforcement. A visual stimulus ((A), e.g., operation of a lamp for 30 s) was presented twelve times before a stimulus-specific habituation test with A and a second visual stimulus (B). The left panel summarises responding during preexposure to A; the right panel shows responding during testing to A and B. Data are ratios based on the response rates during each trial and baseline rate. Ratios less than zero indicate that responding during the light was suppressed relative to the baseline rate (see Section 3.2.2 for details).
ITI was 5 min. Following behavioral testing, lesions were assessed using the same histological procedure as described for Experiment 1. Details unspecified here were the same as those of Experiment 1.
Results and discussion
Histology
Data were excluded from two rats because their lesions were unacceptable: Both rats had sparing of the perirhinal cortex and one rat also had appreciable extraperirhinal cortex damage. The remaining rats (n = 14) had bilateral perirhinal cortex damage, extending caudally 3-7 mm from bregma. The right panel of Fig. 1 indicates the extent of tissue loss in the two cases with the largest and the smallest lesions. In the majority of rats, perirhinal damage extended from the agranular insular cortex, at its rostral end, to the postrhinal cortex at its caudal end. For four rats there was some sparing of superficial laminae. This was bilateral though was restricted to a narrow rostro-caudal region. Two rats had damage to the lateral entorhinal cortex though this was unilateral and restricted to a narrow rostro-caudal region. Tev [9] was damaged in five rats but in only two was damage bilateral. The hippocampus and amygdala were not damaged in any rats.
Habituation procedure
By the final session of baseline training, rats in both groups were responding at satisfactory and similar rates. The mean lever press rates of groups Sham and PeRh were, respectively, 11.41 RPM (SEM 1.13) and 12.25 RPM (SEM 0.67), t < 1, p > .500, Á 2 p = .023. Elimination of rats with unacceptable lesions (see Section 3.2.1) resulted in a negligible inequality in the number of rats having front (n = 10) and pulsed (n = 12) lights serving as stimulus A and data are, therefore, collapsed over this counterbalancing variable. Data from preexposure to A are summarised in the left panel of Fig. 3 . As in Experiment 1, A was initially very effective in suppressing baseline responding but this declined by about the third two-trial block. At around this point no further reduction in suppression occurred but ratios remained below zero (i.e., suppressed relative to baseline response rates from the preexposure session). As in Experiment 1, there is indication that group PeRh's suppression declined at a different rate than that of group Sham. An ANOVA with group and block variables confirmed this description of the data, yielding a main effect of block, F(5, 100) = 21.02, p > .001, Á 799, signifying that data pooled over both groups, for all six blocks, was significantly below zero. This was not due solely to suppression to the novel stimulus, B: Stimulus A's data alone were reliably less than zero, one sample t(21) = 5.06, p < .001, Á 2 p = .549. We noted in Experiment 1 that suppression to B on test was less than the suppression to A on the first block of preexposure and this feature of Experiment 2's data is maintained also, t(21) = 4.89, p < .001, Á 2 p = .532. Mean RPM rates during the m period were 13.2 (SEM: 0.76) for group Sham and 13.6 (SEM: 0.52) for group PeRh, t(20) < 1, p > .836, Á 2 p = .002. Experiment 2 was intended to assess the effects of perirhinal cortex lesions on rats' suppression to visual stimuli using a procedure immune from (specific) sensory adaptation and other (general) peripheral sources of response decline. This was achieved by using a stimulus-specific test of habituation with relatively long (24 h) delay between the terminal end of preexposure and the test. This delay greatly exceeds the longest periods required for recovery of sensory adaptation that our survey of the literature revealed [15, 25] . Despite these conservative procedural conditions, we found differences in responding to A and B and these may, therefore, may be attributed to centrally mediated (i.e., genuine) habituation [20, 33] . Furthermore, in this appropriate measure of habituation, group PeRh was statistically indistinguishable from group Sham. It is notable that a group difference was detected in the rate of recovery from suppression to A during preexposure. Of course, for the reasons noted above we should refrain from interpreting this as an effect on habituation-other means of producing group differences are possible in terms of peripheral sources. Even without these concerns it would not be possible to accurately conclude that habituation was at a faster rate in group Sham than in group PeRh because the starting points (block 1) differed. Thus, the initial group difference is more naturally interpreted as being the result in differences in unconditioned responding than in differences in habituation. We note that such deficiencies in unconditioned startle responding have been reported in rats with perirhinal lesions in response to an auditory startle stimulus [43] (see also Ref. [10] ).
General discussion
We found that stimulus-specific habituation of suppression to light stimuli was not affected by perirhinal cortex lesions [38, 51, 54] . However, there was evidence of behavioral effect of the lesions from the A-preexposure data: Group × Block interactions were either significant (Experiment 2) or close to significant (Experiment 1). Furthermore, the surgical procedures were similar to those that we have found to be highly effective in modifying behavior in the same apparatus as that used here [42] . Thus, we do not think that the failure to find a lesion effect on stimulusspecific habituation is based on ineffective lesions. The failure of perirhinal cortex lesions to affect habituation joins those of Albasser et al. [2] and Robinson et al. [41] in demonstrating habituation of responding to be an apparently extra-perirhinal process. However, we questioned the dissociation in the effects of perirhinal cortex lesions on SOR and habituation because Albasser et al. and Robinson et al. assessed habituation by comparison of changes in responding at different time points, which introduces alternative accounts of performance [17, 20, 33, 49, 52] . The current procedure, in keeping with that used routinely in SOR [31, 37, 51, 54] , used a test in which habituation of suppression of instrumental responding to a light was assessed against a novel, control stimulus (a second type of light), being presented during the same test session.
The considerations above imply that the dissociation between the effects of perirhinal cortex lesions on SOR and habituation is genuine and we now consider potential explanations for it. There are theoretical and empirical reasons for believing that different response systems are separable and differ in particular parametric features [27, 29] . It follows from this that different brain systems may be responsible for identical habituatory processes when different response systems are engaged. Thus both SOR and habituation of suppression may both be genuine forms of habituation served by, respectively, perirhinal and extra-perirhinal response systems. It is also possible that some difference in the stimuli used in the two procedures leads to the differences in the effects of perirhinal lesions. In the current experiments, we might characterise the objects as more complex than the light stimuli. The perirhinal cortex receives highly processed visual information: Te v , for example, supplies around one third of the afferents to the rat's area 36 [9] . Perhaps, then, perirhinal lesions affect rats' performance at SOR because the capacity to store representations of relatively complex visual stimuli is unavailable to them and the relatively simple light stimuli may be adequately represented earlier in the visual system; and there is certainly good evidence to support this position in general terms [6, 55] . However, in an experiment by Albasser et al. [2] , rats were presented with an object of the sort used in SOR, but rather than using the standard test, Albasser et al. gave three more daily trials until object exploration was almost negligible. Despite using a seemingly complex visual stimulus and multiple test trials, rats with perirhinal cortex lesions were indistinguishable in the rate of habituation of exploration. Furthermore, Robinson et al. [42] have shown that perirhinal cortex lesions severely attenuate stimulus generalisation and discrimination based on stimulus novelty or familiarity when using simple auditory stimuli (a pure tone and a clicker). Thus, the effects of perirhinal cortex lesions on recognition processes appear to be fully dissociable from the influence of stimulus complexity. Perhaps, then, the perirhinal cortex's importance is not restricted to complex stimulus processing, but has a more general role in sensitivity to stimulus novelty or familiarity [4, 21] . Indeed, Robinson et al.'s findings are consistent with, for example, Aggleton and Brown's [1] assertion that the perirhinal cortex is responsible for recognition by signalling stimulus familiarity, with no necessary interaction with stimulus complexity. Of course, an alternative process is required to required to explain non-perirhinal dependent processes, such as the current habituation of suppression to lights.
According to Sokolov's [45] comparator theory [22, 29, 50 ] the stimulus representation is stored in the cortex, which presents the theory with difficulties because habituation occurs in invertebrate organisms lacking a cortex [40, 48] . Even if we relax the requirement for cortex and replace it with the requirement for a modest number of neurons, demonstrations of habituation in single units [47] must exclude it as the sole theory of habituation. Amore parsimonious alternative is in terms of the decline in transmission between stimulus-and-response (S-R) pathways [18, 23, 33] . Robinson et al. [41] suggested that habituation in the rat may be governed by a perirhinal-dependent, comparator process and an extra-perirhinal S-R process. It may be that the two mechanisms vary in their role in depressing unconditioned responding when different procedures and parameters are used. Such a dual-process account of habituation could produce the observed dissociation in the effects of perirhinal lesions in SOR and light habituation procedures reported here [2, 41] .
Wagner [50] has suggested an alternative, dual-process account of habituation in which both short-term habituation and long-term habituation are governed by reduced processing of the stimulus. This, in turn, leads to weaker responding than when the stimulus is fully processed. Here, short-term habituation reflects the timerelated decay of the stimulus representation into the less processed state; long-term habituation is the effect of an excitatory association formed during the previous presentation of the stimulus (e.g., the operation of a context → stimulus association). Direct support for such an account has been reported in mice using spatial forms of SOR [44] (see also Ref. [53] ). Sanderson and Bannerman gave mice multiple preexposures (1-min ITI) of extra-maze views and this treatment was found to produce excellent test discrimination (preference of a new extra-maze view over the preexposed view) when testing occurred 1 min after preexposure. This finding (relatively marked short-term habituation following rapid stimulus iteration) is a long-known feature in standard habituation procedures [20, 47] . However, performance dropped markedly when a longer 24-h interval was interpolated between preexposure and testing. This difference implies an important role for a relatively short-term form of habituation. The most significant finding was that in rats whose preexposure was scheduled at 24-h intervals and whose preexposure test interval was also 24 h: Here performance was, again, strong. Sanderson and Bannerman interpreted their results in terms of a trade-off between short-and long-term habituatory processes that operate most optimally under complementary temporal parameters. Thus, one source of the current report's dissociation in the effects of SOR and habituation of suppression following perirhinal lesions could be based on: (a) one of the two processes of Wagner's account of habituation (e.g., long-term habituation) being more perirhinal dependent than the other (e.g., short-term habituation); and, (b) the SOR and light habituation differing in the roles of these two process (e.g., with context → stimulus associations playing a more significant role in SOR than in light habituation, where stimulus decay is more important).
We are unable to specify which of these several accounts is responsible for the dissociation in the effects of perirhinal cortex lesions on SOR and habituation of suppression. Nevertheless, the new findings reported here go someway to confirming the reliability of that dissociation and have allowed us to dismiss some relatively trivial accounts of its origin.
